Abstract -Aim of the current work is the experimental study of the electric field distribution around a medium voltage metal oxide gapless polymeric housing surge arrester, since the study and the knowledge of the electric field around an arrester can be useful for diagnostic tests and design procedures. The measurements were carried out, using two appropriate calibrated field meters. The results are accompanied with their total uncertainties, which were computed using the obtained measurements and data from the calibrations certificates.
I. INTRODUCTION Surge arresters are semiconductor devices, which are used in electrical power systems in order to protect them against lightning and switching overvoltages. Arresters are installed between phase and earth and act as bypath for the overvoltage impulse, since they are designed to be insulators for nominal operating voltage, conducting at most few milliamperes of current and good conductors, when the voltage of the line exceeds design specifications to pass the energy of the overvoltage wave to the ground. Even though a great number of arresters, which are gapped arresters with resistors, made of SiC are still in use, the arresters installed today are almost all metal oxide arresters without gaps, which means arresters with resistors made of metal oxide [1] . The distinctive feature of a metal oxide arrester is its extremely nonlinear V-I characteristic, rendering unnecessary the disconnection of the resistors from the line through serial spark gaps, as it is found in the arresters with SiC resistors. Additionally, metal oxide arresters are inherently faster-acting than the gapped type, since there is no time delay due to series air gaps extinguishing the current [2] . The basic parts of a metal oxide surge arresters are the cylindrical metal-oxide resistor blocks, the insulating housing and the electrodes (Fig.1) . Between the varistor column and the polymeric housing there is a glassfibre structure, that either completely encloses the resistor blocks or exerts sufficient force on the ends of the stack to hold the metal oxide blocks firmly together. The electric field around a surge arrester is influenced by the geometry of the arrester and the electrical characteristics of the participating materials [3] . Electric field modelling helps the designers to know and consider the important factors affecting the maximum field intensity in the arrester, avoiding too high potential gradients inside and outside the arrester, especially during the transient conditions, a phenomenon which can cause damages to the arrester insulating system that brings it to a premature failure [4] . Hence, the study and the knowledge of the electric field around an arrester can be useful for diagnostic tests [5] and design procedures. Many researches have computed the electric field around a metal oxide arrester using appropriate simulation toolboxes (PC Opera, Cosmol, etc), examining different cases, such as surface pollution, broken sheds, etc [3, 4, [6] [7] [8] [9] . Aim of this paper is the experimental study of the electric field distribution around a medium voltage metal oxide gapless polymeric (silicon rubber) housing surge arrester and the computation of the total uncertainty of the measurements.
II. MEASUREMENTS ARRANGEMENT
The test arrangement for the measurement of the electric field is shown in Fig. 2 . The measurements were carried out in the High Voltage Laboratory of the National Technical University of Athens.
Figure 2
Experimental set-up used for the measurement of the electric field distribution.
Through a 230V/0…230V variac, a 220V/100kV transformer was fed. The voltage was measured in the primary of the transformer using a calibrated digital voltmeter. In order to measure the electric field around the surge arrester two appropriate calibrated field meters Narda and PMM / 8053. The sensors for each instrument, EFA 300 and EHP-50C correspondingly, are placed on an appropriate tripod and are connected via an optic fibber. Each one of both alternatively used sensors was moved in different directions: a) on the horizontal plane, in various distances along three different axes (Fig. 3) , and b) in various heights.
For each point were taken repetitive measurements in order to evaluate the type A uncertainty. The user of the field meters stays at least 10m away from the sensor, otherwise interferences to the electric field and measurement accuracy may be caused. III. UNCERTAINTIES' COMPUTATION Uncertainty is a parameter characterizing the dispersion of the values attributed to a measured quantity. The uncertainty has a probabilistic basis and reflects incomplete knowledge of the quantity. All measurements are subject to uncertainty and a measured value is only complete if it is accompanied by a statement of the associated uncertainty. When a quantity is measured, the outcome depends on the measuring system, the measurement procedure, the skill of the operator, the environment, and other effects. Even if the quantity were to be measured several times, in the same way and in the same circumstances, a different measured value would in general be obtained each time, assuming that the measuring system has sufficient resolution to distinguish the values. Uncertainties are categorized in type A (or random uncertainty) and type B (or systematic uncertainty). Type A uncertainty u r is computed with statistical analysis of series measurements, using equation (1):
where t is the Student's factor depended on the number of the measurements (n) for a given confidence level and s r the standard deviation. Type B uncertainty u s is not evaluated statistically, but is estimated based on the uncertainty of the measuring system (stated in the calibration certificate), the drift in the value of the scale factor of the measuring system, the resolution of each instrument and the fact that the conditions during the use of a measuring system are different from those on the calibration (e.g. different temperature). The derivation of the overall expanded uncertainty u is based on the square root of the sum of the squares of the systematic and random uncertainty contributions:
where k is the coverage factor depended on the desired confidence level. The type B uncertainty of the field meters is evaluated, using the calibration certificates, according to equation (3):
where ΔΕ READING is the contribution (rectangular) of the uncertainty of the reading ΔΕ CALIBRATION is the contribution (normal) of the uncertainty of the calibration ΔΕ FIELD is the contribution (rectangular) of the uncertainty of the non homogeneity of the field The type B uncertainty of the Narda/EFA 300 field meter is calculated equal to 2.32% and of the PMM 8053 equal to 4.1%, for 50Hz and electric field range from 10V/m to 500V/m and 4.4% from 500V/m to 100kV/m. Tables I-III present the measurements of the electric field for each position for the both instrumens, applying on the arrester voltage equal to 12kV, which corresponds to the nominal value of a typical medium voltage power system of the Hellenic network. Due to the fact that the arrester is not symmetrical, the measurements results are little different for the same h(cm) and d(m), dependent on the examined axis. The measurments were carried out for both Broandband (5Hz-2kHz) and Badpass (50Hz) cases, but there were not significant differrences, since there were not other electric fields in the laboratory and the input voltage had not harmonics. In Tables  are presented the results V. CONCLUSIONS The current work presents measurements of the electric field around a medium voltage surge arrester for different heights, distance positions and axes. The knowledge of the electric field can be useful as an indicator for insulating system reliability of an arrester and can be useful for on line tests and design of new arresters. Two appropriate calibrated field meters were used and the measurement results are accompanied with their total uncertainty. Important role in the accuracy of the measurements play the position of the sensor, since the geometry of the arrester is unsymmetrical, the presence of metallic and grounded apparatus, the systematic uncertainty of each instrument and the steady supply of the high voltage. Future work includes measurements to damaged arresters and arresters with surface pollution and broken sheds and comparison of the measurements to simulated results obtained by Finite Element simulation program, in order to confirm that the designed in the program models represent adequately the behaviour of the arresters. Additionally, these models can be used for design changes decisions of the geometry and the materials of the arresters, in a way that the voltage distribution along the nonlinear resistor and the electric field inside and outside the arrester to be uniform.
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